The finite block method (FBM) is developed to determine stress intensity factors with orthotropic functionally graded materials under static and dynamic loads in this paper. The higher order derivative matrix for two and three dimensional problems can be constructed directly. For linear elastic fracture mechanics, the COD and J-integral techniques to determine the stress intensity factors are applied. Several examples are given and comparisons have been made with both analytical solutions and the finite element method in order to demonstrate the accuracy and convergence of the finite block method.
Introduction
To deal with physically realistic problems, such as transient heat conduction in anisotropic and non-homogeneous media, is a complex task and the mathematical modelling becomes very complicated for both analytical and numerical analysis. There are two categories in the numerical engineering, i.e. the domain-type and boundary-type methods. Domain-type methods including the finite element method (FEM) and the boundary-type methods the boundary element method (BEM) can be found in the numerical engineering (see Kim and Paulino [1] , Aliabadi [2] ). Although the BEM is one of the accurate and efficient methods, the fundamental solutions or Green's functions are required. For FGM, the governing equations contain many coefficients related to the material properties which are dependent on the coordinates and directions of fibre in composites, see Sladek et al [3] . The Finite Block Method, based on the point collocation method was developed firstly to solve the heat conduction problem in the functionally graded media and anisotropic materials by Li and Wen [4] . The essential feature of the FBM is that the physical domain is divided into few blocks and for each block the partial differential matrices are obtained in terms of nodal values using mapping technique. It is easy to prove that all stress components are continuous along the interface between two blocks. In the normalised coordinate system, the first order derivative matrix is constructed with nodes collocated on a straight line. Then higher orders of partial differential matrix can be obtained straight forwards. For linear elastic fracture mechanics, the static stress intensity factors are evaluated by both crack opening displacement (COD) and J-integral technique for both isotropic and orthotropic FGMs. To demonstrate the accuracy and efficiency of the FBM, several numerical examples are given with ccomparisons made with the finite element method and local Petrov-Galerkin approach.
Finite Block Method with FGMs
Assumed that the material properties are dependent on the spatial coordinates in a nonhomogeneous material. The relationship between stress and strain anisotropic materials gives (
For plane stress orthotropic elasticity, material mechanical constants give 
The equilibrium equations give 0
where α b are body forces. Applying the differential matrices over (5) for each block, and substituting (3) into equilibrium equation in (5) results, in matrix form [4] , as are specified displacements and tractions on the boundary. Obviously there are M 2 linear algebraic equations from (6) and (8) for each block, and therefore, all nodal values of displacement should be determined. In the case of more than one blocks, the continuous condition on the interface between blocks I and II gives .
Stress intensity factors by J-integral technique
Consider the gradient for strain energy [ 
is traction, β n is the components of the outward unit normal vector to Γ . Since the stress and strain fields are singular at a crack tip with r / 1
, then the J-integral, which is independent of integral path, become [ ] r is distance between selected point and crack tip. In general case, crack tip is surrounded by four blocks as shown in Figure 1 . For the convenience of computation, the integral domain is selected as a circle of radius R centred at crack tip in the normalized domain. Therefore, the coordinate of local integral boundary ) , ( ' The stress intensity factors under the tensile and bending loads are presented in Table 1 for different ratio 0 / E E w . Figure 2 . Edge cracked plate. 
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Summary
The essential features of the proposed numerical techniques in this paper can be summarised as:
(1) The physical domain is divided into several blocks with four edges and eight seeds for each blocks. The ratio of two sides for each block satisfies 8 / 8 / 1 2 1 < < l l ; (2) The distribution of node in the normalised domain is chosen to be the Chebyshev's roots for crack problems in order to obtained higher accurate results;
(3) Anisotropic functionally graded materials with all kinds of boundary value problems can be formulated and solved easily.
